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[57] ABSTRACT 

In order to realiZe the smooth display of a ?elder’s ball 
catching movement, determination of a collision betWeen a 
batted ball and a fence by an easy method, and an accurate 
hidden-face treatment for polygons Which are located very 
close to each other, virtual area producing means 31 is 
provided to produce a collision area for collision determi 
nation at a position aWay from the picture of a ball for a 
predetermined distance, and determining means 32 is pro 
vided to determine at Which position in the collision area a 
?elder is located. When it is determined that the ?elder is 
located in the collision area, picture changing means 33 
gradually changes the posture of the ?elder from a Waiting 
state to a ball-catching state. 

15 Claims, 12 Drawing Sheets 
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FIG. 6 
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PICTURE PROCESSING DEVICE AND 
METHOD THEREOF 

TECHNICAL FIELD 

The present invention relates to a picture processing 
device and a method thereof. More particularly, this inven 
tion relates to a picture processing device and a method 
thereof Which enable characters to move smoothly in 
response to a ball in video games Which imitate ball games 
such as baseball or soccer. 

BACKGROUND ART 

With the progress of computer technology, video game 
machines (picture processing devices) utiliZing computer 
graphic technique have come to be Widely used. Particularly, 
popularity of video game machines Which imitate ball games 
such as baseball or soccer has been ?rmly established, and 
a considerable amount of this type of video game machines 
have been devised. 

HoWever, conventional video game machines have many 
problems as described beloW. 

First, it is difficult to display a ?elder’s ball-catching 
movement smoothly. 

Aconventional video game machine generally comprises: 
a display Which displays batters, ?elders and other charac 
ters; an operation stick Which operates batters, ?elders and 
other characters on a screen; and a picture processing circuit 
Which displays a desirable image on the screen in accor 
dance With the operation of the operation stick. Such a video 
game machine is provided With a plane picture called 
“sprite” for each movement posture of each ?elder, and the 
sprite is displayed according to the progress of a game on the 
screen. A virtual area called the “collision area” for deter 
mination of collision is provided in the vicinity of a ?elder. 
When a ball enters the collision area, the ?elder moves to 
catch the ball. 

For example, When a game player operates the stick, the 
?elder on the screen chases the batted ball in accordance 
With the operation of the stick. The collision area, then, also 
moves together With the ?elder. If the ?elder catches up With 
the ball and the ball enters the collision area near the ?elder, 
the ?elder moves to catch the ball. Namely, the video game 
machine determines that the ball in the screen has reached 
close to the ?elder, and displays the sprite Which shoWs the 
ball-catching movement. Therefore, the ?elder never begins 
the ball-catching movement unless the ball enters the colli 
sion area on the screen. 

HoWever, since the time spent after the ball enters the 
collision area until the ?elder catches the ball is very short, 
the ?elder needs to perform the ball-catching movement in 
a very short period of time after the ball enters the collision 
area. Accordingly, the ?elder’s ball-catching movement 
turns out to be aWkWard and it is then dif?cult to provide a 
realistic game. As a means for solving this problem, it is 
possible to enlarge the collision area near the ?elder. In other 
Words, it is possible to lengthen the time spent after the ball 
enters the collision area until the ?elder catches the ball. 
HoWever, if the collision area is enlarged, a problem arises 
that the ?elder begins moving to catch a ball even When the 
ball is too far aWay to catch. 

Secondarily, a considerable amount of operation is 
required for a processing Which determines the collision 
betWeen a batted ball and a fence, Which subsequently 
hinders high speed processing. 
When a batted ball ?ies beyond an out?elder in a video 

game machine, Whether or not a collision Will take place 
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2 
betWeen the batted ball and the fence is determined. For 
example, When the fence is displayed With a plurality of 
polygons, it is determined Whether or not coordinates of the 
ball are located on the polygons. If it is determined that the 
ball Will collide With the polygons Which compose the fence, 
a processing for bounding the ball back from the fence is 
performed. 

Namely, the conventional baseball game determines 
Whether the ball collides With the fence by con?rming 
Whether coordinates of the ball are positioned on the poly 
gons Which compose the fence. HoWever, since coordinates 
of the ball and the polygons are expressed by three 
dimensional data, a considerable amount of processing is 
required to determine the position relationship betWeen the 
ball and the polygons. Therefore, there existed a problem in 
that a processing speed of the entire game Was loWered. 

Thirdly, it is difficult to accurately perform a hidden face 
treatment of polygons Which are located very close to each 
other as in the case of a player’s number and a uniform. 

In video games such as baseball and soccer, it is desirable 
to give different player’s numbers for different players in 
order to heighten the realistic excitement of the game. 
HoWever, if different pictures are prepared for uniforms of 
different players, an enormous amount of display data Would 
be required. Therefore, a method of preparing a picture of 
the uniform and a picture of the player’s number separately 
and superimposing the picture of the player’s number on the 
picture of the uniform is taken. 

HoWever, When the player’s number and the uniform are 
displayed by means of polygons, the folloWing problems 
occur. When the polygons overlap one another, a treatment 
is performed not to display the overlapped portion of the 
polygons, Which is positioned at the back of the other 
overlapped portion on the screen (“hidden face treatment”). 
In order to perform this hidden face treatment, the folloWing 
method (“Z-sorting method”) is suggested: priority of 
respective polygons is determined in accordance With the 
dimensions of depth-directional coordinates (Z-coordinate 
values) of the polygons, and the polygons are displayed in 
accordance With the priority. Namely, in the Z-sorting 
method, a representative point is decided for each polygon 
and the priority of the polygons is determined in accordance 
With the dimensions of Z-coordinate values of the represen 
tative points. 
As described above, one representative point must be 

decided for each polygon When the Z-sorting method is 
employed. In order to decide a representative point, there 
are: a method of determining the most front vertex among 
vertexes of a polygon as its representative point; a method 
of determining the most back vertex among vertexes of a 
polygon as its representative point; and a method of deter 
mining the center of gravity of a polygon as its representa 
tive point. HoWever, Whichever method is taken, if tWo 
polygons, such as those of a player’s number and a uniform, 
are located very close to each other, in other Words, if tWo 
sets of Z-coordinate values are very close, it is difficult to 
accurately determine the priority of the polygons. 
Accordingly, a problematic hidden face treatment is some 
times performed: for example, a player’s number is hidden 
by a uniform. 

In order to avoid such a problem, it is possible to give a 
higher priority to a player’s number than to a uniform and to 
alWays superimpose the player’s number on the uniform. 
HoWever, this method could cause another problem that 
When a ?elder faces front so that his back is not displayed, 
his number is still displayed. Accordingly, it has been 
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dif?cult to accurately apply the hidden face treatment to 
polygons Which are located very close to each other. 

The present invention is devised in order to overcome the 
above-described problems. The ?rst object of this invention 
is to provide a picture processing device and a method 
thereof Which enable a smooth ball-catching movement. 

The second object of this invention is to provide a picture 
processing device and a method thereof Which make it 
possible to determine a collision betWeen a batted ball and 
a fence by means of a simple operation. 

The third object of this invention is to provide a picture 
processing device and a method thereof Which make it 
possible to accurately apply the hidden face treatment to 
polygons Which are located very close to each other such as 
a player’s number and his uniform. 

DISCLOSURE OF THE INVENTION 

The invention is aimed at achieving the aforementioned 
?rst object and is a picture processing device for changing 
a shape of a second picture When a ?rst picture collides With 
the second picture. The picture processing device comprises: 
virtual area producing means for producing a virtual area at 
a position aWay from a position of the ?rst picture, Wherein 
a distance betWeen the virtual area position and the ?rst 
picture position is determined based on a distance in Which 
the ?rst picture moves in a predetermined time; determining 
means for determining Whether the second picture is located 
in the virtual area; and picture changing means for changing 
the shape of the second picture When the second picture is 
located in the virtual area. 

The invention is aimed at achieving the aforementioned 
?rst object and is a picture processing device, comprising 
position determining means for determining a moving speed 
and the position of the ?rst picture, Wherein the virtual area 
producing means changes a shape of the virtual area based 
on determination results of the position determining means. 

The invention is aimed at achieving the aforementioned 
?rst object and is a picture processing device, Wherein the 
above-mentioned virtual area producing means is aimed at 
achieving the aforementioned ?rst object and reduces an 
area of the virtual area in accordance With a decrease in a 
speed of the ?rst picture. 

The invention is aimed at achieving the aforementioned 
?rst object and is a picture processing device, Wherein the 
virtual area has a major aXis along a line perpendicular a 
direction in Which the ?rst picture moves. 

The invention is aimed at achieving the aforementioned 
?rst object and is a picture processing device, Wherein the 
picture changing means produces the second picture in a 
shape corresponding to the position of the ?rst picture in the 
virtual area. 

The invention is aimed at achieving the aforementioned 
?rst object and is a picture processing device, Wherein the 
picture changing means produces the second picture in a 
shape corresponding to a height of the ?rst picture from a 
standard plane picture. 

The invention is aimed at achieving the aforementioned 
?rst object and is a picture processing device, Wherein the 
?rst picture represents a baseball ball, the second picture 
represents a baseball ?elder, and the picture changing means 
gradually changes the posture of a ?elder according to a 
ball-catching movement. 

The invention is aimed at achieving the aforementioned 
third object and is a picture processing device, comprising: 
coordinate converting means for projecting a plurality of 
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4 
polygons represented in a three-dimensional coordinate sys 
tem on a tWo-dimensional coordinate system; and hidden 
face treatment means for determining the display order of 
the plurality of polygons projected on the tWo-dimensional 
coordinate system on the basis of dimensions of the depth 
directional coordinate values of the three-dimensional coor 
dinate system in a display screen and for displaying the 
polygons With priority in accordance With the determined 
display order. The hidden face treatment means determines 
the display order of a polygon group consisting of the 
plurality of polygons, of Which description order is 
predetermined, on the basis of the depth-directional coordi 
nate values of one polygon composing the polygon group, 
and respective polygons composing the polygon group are 
displayed With priority in accordance With the description 
order only When it is decided to display the polygon group. 
The invention is aimed at achieving the aforementioned 

third object and is a picture processing device, Wherein the 
hidden face treatment means determines the display order of 
the polygon group on the basis of the depth-directional 
coordinate values of a polygon having the highest descrip 
tion order. 
The invention is aimed at achieving the aforementioned 

third object and is a picture processing device, Wherein the 
above-mentioned one polygon represents a player’s number 
and the other polygon represents a uniform. 
The invention is aimed at achieving the aforementioned 

second object and is a picture processing device for deter 
mining a collision betWeen a curved-face picture having a 
radius “R” from its center point and the ?rst picture, Wherein 
it is determined that the ?rst picture collides With the 
curved-face picture When distance “r” calculated from the 
center point and the ?rst picture reaches distance “R.” 
The invention is aimed at achieving the aforementioned 

second object and is a picture processing device, Wherein the 
curved-face picture represents a baseball fence and the ?rst 
picture represents a ball. 

The invention is aimed at achieving the aforementioned 
?rst object and is a picture processing method for changing 
a shape of a second picture When a ?rst picture collides With 
the second picture, the method comprising: producing a 
virtual area at a position aWay from a position of the ?rst 
picture, Wherein a distance betWeen the virtual area position 
and the ?rst picture position is determined based on a ?rst 
picture moves in a predetermined time; the step of deter 
mining Whether the second picture is located in the virtual 
area; and the step of changing the shape of the second 
picture When the second picture is located in the virtual area. 

The invention is aimed at achieving the aforementioned 
?rst object and is a picture processing method, further 
comprising determining a moving speed and the position of 
the ?rst picture and the changing the shape of the virtual area 
based on the determined moving speed and position. 

The invention is aimed at achieving the aforementioned 
third object and is a picture processing method, comprising: 
the step of projecting a plurality of polygons represented in 
a three-dimensional coordinate system on a tWo 
dimensional coordinate system; and the step of determining 
the display order of the plurality of polygons projected on 
the tWo-dimensional coordinate system on the basis of 
dimensions of the depth-directional coordinate values of the 
three-dimensional coordinate system in a display screen and 
then displaying the polygons With priority in accordance 
With the determined display order. The display order of a 
polygon group consisting of the plurality of polygons, of 
Which description order is predetermined, is determined on 
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the basis of the depth-directional coordinate values of one 
polygon composing the polygon group, and respective poly 
gons composing the polygon group are displayed With 
priority in accordance With the description order only When 
it is decided to display the polygon group. 

The invention is aimed at achieving the aforementioned 
second object and is a picture processing method for deter 
mining a collision betWeen a curved-face picture having a 
radius “R” from its center point and a ?rst picture, Wherein 
it is determined that the ?rst picture collides With the 
curved-face picture When distance “r” calculated betWeen 
the center point and the ?rst picture reaches distance “R.” 

According to the invention, the virtual area producing 
means produces a virtual area at a position aWay from a 
position of the ?rst picture, Wherein a distance betWeen the 
virtual area position and the ?rst picture position is deter 
mined based on ?rst picture moves in a predetermined time. 
Namely, the virtual area is produced at a position aWay from 
the ?rst picture for a predetermined distance in a moving 
direction of the ?rst picture. The determining means deter 
mines Whether the second picture is located in the virtual 
area. When the second picture is located in the virtual area, 
the picture changing means changes the shape of the second 
picture. 

For eXample, When the second picture representing a 
?elder enters the virtual area, the posture of the ?elder 
gradually changes from a Waiting posture to a ball-catching 
posture. Then, When the ?rst picture representing a ball 
reaches the ?elder, the posture of the ?elder turns to a 
ball-catching posture. According to this invention, since the 
virtual area for collision determination is located aWay from 
the ?rst picture, it is possible to lengthen the time required 
after the second picture enters the virtual area until the ?rst 
picture collides With the second picture. Accordingly, if this 
invention is applied to a baseball game, it is possible to 
obtain suf?cient time to change the ?elder’s posture to catch 
a ball, thereby enabling a smooth ball-catching movement. 

According to the invention, the position determining 
means determines the moving speed and the position of the 
?rst picture and the virtual area producing means changes 
the shape of the virtual area on the basis of the determination 
results of the position determining means. For eXample, 
according to the invention, When the speed of the ?rst 
picture is loW, the virtual area producing means reduces the 
area of the virtual area. When the speed of the ball (?rst 
picture) is loW, it is possible to avoid any inconvenience 
such as the ?elder (second picture) beginning the ball 
catching movement at a position aWay from the ball. 
Namely, it is possible to solve the problem that the ?elder 
jumps at and catches the ball Which almost stops. 

According to the invention, the virtual area has a major 
aXis along a line perpendicular to a direction in Which the 
?rst picture moves. Therefore, the ?elder (second picture) is 
capable of catching the ball (?rst picture) Which comes 
?ying to the right or left of the ?elder’s position. 

According to the invention, the picture changing means 
produces the second picture in the shape corresponding to 
the position of the ?rst picture in the virtual area. For 
eXample, When the ?elder (second picture) is located in the 
middle of the virtual area, the ball (?rst picture) comes ?ying 
toWard the front of the ?elder and, therefore, the ?elder is 
displayed in the forWard-facing posture to catch the ball. On 
the other hand, When the ?elder is located at the end of the 
virtual area, the ball comes ?ying toWard the side of the 
?elder and, therefore, the ?elder is displayed in the side 
facing posture to catch the ball. As described above, it is 
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6 
possible to reproduce the ball-catching movement similar to 
a real movement by changing the ?elder’s posture according 
to the position of the ?elder in the virtual area. 

According to the invention, the picture changing means 
produces the second picture in the shape corresponding to 
the height of the ?rst picture from a standard plane picture. 
For eXample, When the position of the ball (?rst picture) is 
high from a ground (standard plane picture), the ?elder is 
displayed to catch a ?y. When the position of the ball is loW, 
the ?elder is displayed to catch a grounder. As described 
above, it is possible to reproduce the ball-catching move 
ment similar to a real movement by changing the ?elder’s 
ball-catching movement according to the height of the ball. 

According to the invention, the ?rst picture represents a 
baseball, the second picture represents a baseball ?elder, and 
the picture changing means gradually changes the posture of 
the ?elder according to the ball-catching movement. 
Therefore, it is possible to realiZe a smooth ball-catching 
movement. 

According to the invention, the coordinate converting 
means projects a plurality of polygons represented in a 
three-dimensional coordinate system on a tWo-dimensional 
coordinate system. The hidden face treatment means deter 
mines the display order of the plurality of polygons pro 
jected on the tWo-dimensional coordinate system on the 
basis of dimensions of the depth-directional coordinate 
values in a display screen and displays the polygons With 
priority in accordance With the determined display order. 
The hidden face treatment means determines the display 
order of a polygon group consisting of the plurality of 
polygons, of Which description order is predetermined, on 
the basis of the depth-directional coordinate values of one 
polygon composing the polygon group. The hidden face 
treatment means display the respective polygons composing 
the polygon group With priority in accordance With the 
description order only When it is decided to display the 
polygon group. 

In other Words, in the same polygon group, comparison of 
the depth-directional coordinate values of respective poly 
gons (for eXample, by the Z-sorting method) is not 
conducted, but the polygons are displayed in the predeter 
mined description order. Therefore, it is possible to perform 
the hidden face treatment accurately even When tWo poly 
gons are located very close to each other. As shoWn in the 
invention, a polygon representing the uniform and a polygon 
representing the player’s number can be displayed accu 
rately. 

According to the invention, the hidden face treatment 
means decides the display order of the polygon group on the 
basis of the depth-directional coordinate values of a polygon 
having the highest description order. Therefore, since the 
present invention can decide the display order of polygon 
groups in the same manner as that of other polygons, it is 
possible to secure the compatibility betWeen the conven 
tional hidden face treatment, for eXample, by the Z-sorting 
method and the hidden face treatment of this invention. 

According to the invention, a curved-face picture having 
a radius “R” from its center point is assumed and the 
distance “r” betWeen the ?rst picture and the center point is 
calculated. The picture processing device then determines 
that the ?rst picture collides With the curved-face picture 
When distance “r” reaches distance “R.” For eXample, in the 
invention, When the curved-face picture represents a base 
ball fence and the ?rst picture represents a ball, it is possible 
to easily determine a collision betWeen the ball and the fence 
by comparing distance “R” With distance r. 
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According to the invention, a virtual area is produced at 
a position away from a position of the ?rst picture, Wherein 
a distance betWeen the virtual area position and the ?rst 
picture position is determined based on a distance in Which 
the ?rst picture moves in a predetermined time. When it is 
determined Whether the second picture is located in the 
virtual area, and if it is determined that the second picture is 
located in the virtual area, the shape of the second picture is 
changed. For example, according to this invention, since the 
virtual area for collision determination is located aWay from 
the ?rst picture, it is possible to lengthen the time spent after 
the second picture enters the virtual area until the ?rst 
picture and the second picture collide With each other. 
Accordingly, When this invention is applied to a baseball 
game, it is possible to secure suf?cient time to change a 
?elder’s ball-catching posture and to realiZe a smooth ball 
catching movement. 

According to the invention, the moving speed and posi 
tion of the ?rst picture are determined and the shape of the 
virtual area is changed according to the determined moving 
speed and position. 

According to the invention, the display order of the 
plurality of polygons projected on the tWo-dimensional 
coordinate system is decided on the basis of dimensions of 
depth-directional coordinate values in the display screen, 
and the polygons are displayed With priority in accordance 
With the determined display order. Also, the display order of 
a polygon group consisting of a plurality of polygons, of 
Which description order is predetermined, is decided on the 
basis of depth-directional coordinate values of one polygon 
composing the polygon group. Only When it is decided to 
display the polygon group, the respective polygons compos 
ing the polygon group are displayed With priority in accor 
dance With the description order. 

In other Words, in the same polygon group, comparison of 
the depth-directional coordinate values of respective poly 
gons (for example, by the Z-sorting method) is not 
conducted, but the polygons are displayed in the predeter 
mined description order. Therefore, it is possible to perform 
the hidden face treatment accurately even When tWo poly 
gons are located very close to each other. 

According to the invention, a curved-face picture having 
a radius “R” from its center point is assumed and the 
distance “r” betWeen the ?rst picture and the center point is 
calculated. When distance “r” reaches distance “R” it is 
determined that the ?rst picture collides With the curved-face 
picture. When the curved-face picture represents a baseball 
fence and the ?rst picture represents a ball, for example, it 
is possible to easily determine Whether or not the ball 
collides With the fence, by comparing distance “R” With 
distance r. 

An invention is a computer-readable memory medium for 
storing the order in Which a picture processing device 
changes a shape of a second picture When a ?rst picture 
collides With the second picture. The computer-readable 
memory medium includes instructions for causing a com 
puter to perform several operations. First the computer 
produces a virtual area at a position aWay from a position of 
the ?rst picture. A distance betWeen the virtual area position 
and the ?rst picture position is determined based on a 
distance in Which the ?rst picture moves in a predetermined 
time. Second, the computer determines Whether the second 
picture is located in the virtual area. Third, the computer 
changes the shape of the second picture When the second 
picture is located in the virtual area. Examples of such a 
memory medium include ?oppy disks, magnetic tapes, pho 
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tomagnetic disks, CD-ROM, DVD, ROM cartridges, RAM 
cartridges With battery back-up, and nonvolatile RAM car 
tridges. The memory medium stores information (mainly 
digital data and programs) by some physical means and is 
capable of having a processing device such as computers 
and private processors perform a certain function. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an exterior vieW of a video game machine of a 
?rst embodiment of this invention. FIG. 2 is a schematic 
block diagram of the video game machine of the ?rst 
embodiment of this invention. FIG. 3 is a functional block 
diagram of a picture processing device of the ?rst embodi 
ment of this invention. FIG. 4 shoWs a baseball game screen 
of the ?rst embodiment of this invention. FIG. 5 shoWs a 
position relationship betWeen a collision area, ball and 
?elder of the ?rst embodiment of this invention. FIG. 6 
shoWs the state in Which a ?elder enters a collision area in 
the ?rst embodiment of this invention. FIG. 7 shoWs hoW 
each area of the collision area corresponds to a ball-catching 
posture in the ?rst embodiment of this invention. FIG. 8 
explains details of the collision area of the ?rst embodiment 
of this invention. FIG. 9 explains changes in the shape of the 
collision area in the ?rst embodiment of this invention. FIG. 
10 describes ball-catching postures of a ?elder in the ?rst 
embodiment of this invention. FIG. 11 is a ?oW-chart 
shoWing actions of the video game machine of the ?rst 
embodiment of this invention. FIG. 12 is a ?oW-chart 
shoWing actions of the video game machine of the ?rst 
embodiment of this invention. FIG. 13 describes a video 
game machine of a second embodiment of this invention. 
FIG. 14 shoWs actions of the video game machine of the 
second embodiment of this invention. FIG. 15 explains a 
video game machine of a third embodiment of this inven 
tion. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

The present invention is hereinafter explained in more 
detail by referring to the attached draWings. 

First Embodiment 
I. Structure 

FIG. 1 is an exterior vieW of a video game machine Which 
utiliZes the picture processing device of a ?rst embodiment 
of this invention. In this ?gure, a main frame 1 of the video 
game machine has a substantial box shape, inside of Which 
substrates and other elements for game processing are 
provided. TWo connectors 2a are provided at the front side 
of the main frame 1 of the video game machine, and PADs 
2b are connected to these connectors 2a through cables 2c. 
When tWo players play a baseball game or other game, tWo 
PADs 2b are used. 
At the top of the main frame 1 of the video game machine, 

a cartridge I/F 1a for connection to a ROM cartridge and a 
CD-ROM drive 1b for reading a CD-ROM are provided. At 
the back of the main frame 1 of the video game machine, a 
video output terminal and an audio output terminal (not 
shoWn) are provided. This video output terminal is con 
nected to a video input terminal of a TV picture receiver 5 
through cable 4a, and the audio output terminal is connected 
to an audio input terminal of the TV picture receiver 5 
through cable 4b. With this video game machine, a user can 
play a game While Watching a screen displayed on the TV 
picture receiver 5 by operating PAD 2b. 

FIG. 2 is a block diagram shoWing the outline of the video 
game machine of this invention. This picture processing 
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device is composed of a CPU block 10 for controlling the 
entire device, a video block 11 for controlling the display of 
a game screen, a sound block 12 for generating sound 
effects, etc., subsystem 13 for reading CD-ROM and other 
elements. 

The CPU block 10 is composed of SCU (System Control 
Unit) 100, a main CPU 101, RAM 102, ROM 103, cartridge 
I/F 1a, sub-CPU 104, CPU bus 103 and other elements. The 
main CPU 101 controls the entire device. This main CPU 
101 has an operational function inside as that of DSP 
(Digital Signal Processor) and is capable of executing appli 
cation softWare at a high speed. RAM 102 is used as a Work 
area for the main CPU 101. An initial program for initial 
iZation and other programs are Written in ROM 103. SCU 
100 controls buses 105, 106 and 107 to perform smooth data 
input and output betWeen the main CPU 101, VDPs 120 and 
130, DSP 140, and CPU 141. SCU 100 comprises a DMA 
controller inside, thereby being capable of transferring sprite 
data in a game to VRAM in the video block 11. Accordingly, 
it is possible to execute an application softWare such as a 
game at a high speed. The cartridge I/F 1a is used to input 
an application softWare Which is supplied in the form of a 
ROM cartridge. 

The sub-CPU 104 is the so-called SMPC (System Man 
ager & Peripheral Control) and has functions, for example, 
to collect peripheral data from PAD 2b through connector 2a 
upon request from the main CPU 101. The main CPU 101 
performs processing, for example, to move a ?elder in a 
game screen in accordance With the peripheral data received 
from sub-CPU 104. Optional peripherals, including PAD, a 
joy stick and a keyboard, can be connected to connector 2a. 
Sub-CPU 104 has functions to automatically recogniZe the 
type of a peripheral connected to connector 2a (terminal at 
the main frame side) and to collect peripheral and other data 
in accordance With a communication method corresponding 
to the type of the peripheral. 

The video block 11 comprises VDP (Video Display 
Processor) 120 for draWing characters consisting of polygon 
data for a video game, and VDP 130 for, for example, 
draWing a background screen, synthesiZing polygon picture 
data and the background picture, and performing a clipping 
processing. VDP 120 is connected to VRAM 121 and frame 
buffers 122 and 123. Polygon draWing data Which represent 
characters of the video game machine are sent from the main 
CPU 101 to SCU 100 and then to VDP 120. The polygon 
draWing data are then Written in VRAM 121. The draWing 
data Written in VRAM 121 are used for draWing in a draWing 
frame buffer 122 or 123, for example, in the 16 or 8 bit/pixel 
format. The data draWn in the frame buffer 122 or 123 are 
sent to VDP 130. The main CPU 101 gives information for 
draWing control to VDP 120 through SCU 100. VDP 120 
then executes a draWing processing by folloWing the direc 
tions. 
VDP 130 is connected to VRAM 131 and it is constructed 

in a manner such that the picture data from VDP 130 are 
outputted to encoder 160 through memory 132. Encoder 160 
adds synchroniZation signals, etc. to the picture data, thereby 
generating picture signals Which are then outputted to the 
TV picture receiver 5. Accordingly, a baseball game screen 
is displayed on the TV picture receiver 5. 

The sound block 12 is composed of DSP 140 for synthe 
siZing sound by a PCM method or FM method, and CPU 141 
for controlling DSP 140. Sound data generated by DSP 140 
are converted into tWo-channel signals by a D/A converter 
170, Which are then outputted to speaker 5b. 

The subsystem 13 is composed of a CD-ROM drive 1b, 
CD UP 180, CPU 181, MPEG AUDIO 182, MPEG VIDEO 
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183 and other elements. This subsystem 13 has functions, for 
example, to read in an application softWare supplied in the 
form of a CD-ROM and to reproduce animation. The 
CD-ROM drive 1b reads data from a CD-ROM. CPU 181 
performs processing such as control of the CD-ROM drive 
1b and correction of errors in the read data. The data read 
from a CD-ROM are supplied to the main CPU 101 through 
CD I/F 180, bus 106 and SCU 100 and are utiliZed as an 
application softWare. MPEG AUDIO 182 and MPEG 
VIDEO 183 are devices for restoring data Which are com 
pressed in MPEG (Motion Picture Expert Group) standards. 
Restoration of MPEG compressed data, Which are Written in 
a CD-ROM, by using these MPEG AUDIO 182 and MPEG 
VIDEO 183 makes it possible to reproduce animation. 
The structure of the picture processing device of this 

embodiment is hereinafter explained. FIG. 3 is a functional 
block diagram of the picture processing device Which is 
composed of the main CPU 101, RAM 102, ROM 103 and 
other elements. In this ?gure, virtual area producing means 
31 has a function to generate a collision area (virtual area) 
at a position ahead of the moving direction of a ball (?rst 
picture). Position determining means 34 determines the 
speed and height (position) of the ball and gives the deter 
mination results to the virtual area producing means 31. 
Determining means 32 determines a position relationship 
betWeen the collision area and a ?elder and gives the 
determination results to picture changing means 33. The 
picture changing means 33 changes the posture of the ?elder 
(second picture) on the basis of the determination results 
(the position relationship betWeen the collision area and the 
?elder) of the determining means 32. Namely, once the 
?elder enters the collision area, the ?elder moves to catch 
the ball. 

FIG. 4 shoWs an example of a baseball game screen to be 
displayed by the video game machine of this embodiment. 
This baseball game can be executed by one or tWo persons. 
Namely, When there are tWo game players, the players take 
turns to play the defending team or the team at bat. When 
there is only one game player, the player takes to the ?eld 
and goes to bat in turn by setting the computer (video game 
machine) as his/her competitor team. Ascene corresponding 
to the progress of a game is displayed on display 5 in 
three-dimensional graphics. When a pitcher throWs a ball, a 
scene is displayed as shoWn from the back of a batter. 
Immediately after the batter hits the ball, a scene mainly 
focused on ?elders is displayed as shoWn in FIG. 4. 

Fielders J and K can be moved by operating PAD 2b. 
Namely, When the game player operates PAD 2b, the main 
CPU 101 ?rst moves ?elder J, Who is located in the in?eld, 
among ?elders J and K Who are located in a direction toWard 
Which the ball 42 ?ies. If ?elder J fails to catch the ball, the 
main CPU 101 moves ?elder K in the out?eld in accordance 
With the operation of PAD 2b. Accordingly, a plurality of 
?elders can be moved by easy operation. 
At the same time as batter 41 hits a ball, the main CPU 

101 calculates the speed and direction of ball 42 and then 
calculates an estimated drop point 44 Where ball 42 may 
drop on the basis of the calculation results obtained above. 
This estimated drop point 44 is actually displayed on the 
screen. When ?elder J or K is moved near the estimated drop 
point 44 before ball 42 drops, ?elder J or K can catch a ?y. 
A virtual collision area 43 is located on the ground 

(standard plane picture) in the direction toWard Which the 
ball 42 ?ies (forWard direction). This collision area 43 is 
used for collision determination betWeen ball 42 and a 
?elder and is not actually displayed. When ?elder J or K 
moves into the collision area 43, ?elder J or K can catch ball 
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42. On the other hand, While ?elder J or K is located outside 
the collision area 43, ?elder J or K does not move to catch 
the ball. 

The collision area is hereinafter explained in more detail 
by referring to FIGS. 5 through 9. FIG. 5 describes a position 
relationship betWeen the collision area, ball and ?elders. As 
shoWn in this ?gure, the collision area 43 is located on the 
ground aWay from and ahead of ball 42 for a predetermined 
distance. Namely, the collision area 43 moves on the ground 
to come ahead of ball 42 as ball 42 ?ies. The distance 
betWeen the collision area 43 and ball 42 corresponds to a 
distance in Which ball 42 moves in a period of time corre 
sponding to tWelve interrupts. 

In this embodiment, one interrupt is generated for every 
frame (vertical retrace line cycle: 1/60 msec><2=33.3 msec). 
Therefore, a period of time corresponding to tWelve inter 
rupts is approximately 0.4 sec. Since the posture of ?elder J 
or K changes every interrupt (every frame), the ?elder can 
make movements of tWelve scenes in a period of time 
corresponding to tWelve interrupts. For example, as shoWn 
in FIG. 6, ?elder J can execute movements of tWelve scenes 
as turning toWard the ball during a period of time after 
?elder J entering into the collision area 43 begins the 
ball-catching movement until he completes the ball-catching 
movement. Therefore, it is possible to display the ?elder’s 
ball-catching movement smoothly. 

FIG. 7 describes the collision area 43 and the ball 
catching postures. As shoWn in this ?gure, the collision area 
43 is composed of areas A, B1, B2, C1 and C2. The areas A, 
B1, B2, C1 and C2 respectively correspond to the ?elder’s 
ball-catching postures 71—75. For example, When the ?elder 
enters area A, the ball comes at the front of the ?elder and, 
therefore, the ?elder takes a ball-catching posture 73. When 
the ?elder enters area C1, the ball comes to the left side of 
the ?elder, that is, the ball passes through area A and, 
therefore, the ?elder takes a ball-catching posture 71. The 
ball-catching postures 71—75 are examples of the postures 
When the height of the ball is loW. An appropriate ball 
catching posture is selected according to the height of the 
ball. 

FIG. 8 is a top vieW of the collision area. As described 
above, the collision area 43 is composed of the areas A, B1, 
B2, C1 and C2. The center area Ais positioned along the ball 
?ying path and is circular. Areas B1, B2, C1 and C2 respec 
tively in a fan shape are provided in order outside of area A. 
Areas B1, B2, C1 and C2 successively disappear as the speed 
of the ball sloWs doWn. For example, When the ball bounds 
on the ground and the speed of the ball sloWs doWn, areas 
C1 and C2 ?rst disappear. 
As the speed of the ball further sloWs doWn, areas B1 and 

B2 disappear and only area A remains. In an actual baseball 
game, a ?elder usually never jumps at a ball When the ball 
almost stops (see the ball-catching postures 71 and 75 in 
FIG. 7). Accordingly, it is possible to make the movement of 
the ?elder in the screen closer to the movement of a real 
?elder by appropriately changing the siZe of the collision 
area 43 according to the speed of the ball. 
An effective angle @b of areas B1 and B2 and an effective 

angle 86 of areas C1 and C2 also change according to the 
speed of the ball and other factors. For example, When the 
speed of the ball is high, the ?elder must be quickly moved 
to the position Where the ball passes. If the area of the 
collision area 43 is small, it is very dif?cult to catch the ball. 
Therefore, in this case, the effective angles @b and @C are 
made Wider and the collision area 43 is made larger, thereby 
reducing the dif?culty in catching the ball Which ?ies at a 
high speed. 
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FIG. 9 describes changes in the shape of the collision area 

43 in accordance With the movement of the ball. After the 
ball is hit and until it stops, the collision area 43 passes 
through positions (a) through (d) in order. The position (a) 
indicates the position of the collision area immediately after 
the ball is hit. As described above, When the speed of the ball 
is high, the effective angles @b and @C are made Wider in 
order to reduce the difficulty in catching a ball. On the other 
hand, When the speed of the ball sloWs doWn, the effective 
angles @b and @C are made narroWer and the area of the 
collision area 43 is made smaller (position 
As the ball sloWs doWn and reaches the position (c), areas 

C1 and C2 of the collision area 43 disappear. Immediately 
before the ball stops (position (d)), areas B1 and B2 of the 
collision area 43 disappear. Then, only the circular area A 
remains as the collision area 43. Therefore, the ?elder can 
catch the ball at his front. As described above, it is possible 
to reproduce realistic ball-catching movements of a ?elder 
by changing the shape of the collision area 43 according to 
the speed of the ball. 

FIG. 10 shoWs the ?elder’s ball-catching postures accord 
ing to the positions of the ?elder in the collision area and the 
height of the ball. In this ?gure, the vertical axis indicates the 
height of the ball and the horiZontal axis indicates the 
position of the ?elder. The ball-catching postures 111—113 
shoW the ?elders jumping at the ball to catch it. The 
ball-catching posture 114 shoWs the ?elder catching a ?y. 
The ball-catching postures 115—119 shoW the ?elders catch 
ing the ball at the height of their chest. The ball-catching 
postures 120—124 shoW the ?elders taking a grounder. The 
ball-catching posture 125 shoWs the ?elder jumping forWard 
to catch the ball. Among these ball-catching postures, the 
ball-catching postures 115, 119, 120 and 124 shoW the 
?elder moving and catching the ball. 
An appropriate ball-catching posture is selected in accor 

dance With the position of the ?elder in the collision area. 
For example, When the ?elder is in area A and the ball is at 
a high position (a ?y), the ball-catching posture 114 With a 
glove held upWard is displayed. When the ?elder is in area 
C1 and the ball is at the ?elder’s chest height, the ball 
catching posture 115 With the glove held toWard the left side 
of the ?elder is displayed. Accordingly, it is possible to 
provide a fully realistic baseball game by changing the 
?elder’s ball-catching posture according to the position of 
the ?elder in the collision area and the height of the ball. 

II. Actions 
Actions of the device for determining the picture position 

of this embodiment are hereinafter explained by referring to 
the ?oW-charts shoWn in FIGS. 11 and 12. 

FIG. 11 is a ?oW-chart shoWing actions of the video game 
machine Which utiliZes picture processing. This ?oW-chart is 
executed at every interrupt (every frame) on the condition 
that the ball is hit by a batter. First, the position determining 
means 34 determines the moving direction, angle and speed 
of the ball immediately after it is hit (at step S1). The virtual 
area producing means 31 then decides the shape (siZe and 
effective angles) of the collision area 43 according to the 
speed of the ball. For example, When the speed of the ball is 
high immediately after it is hit, the effective angle @b of 
areas B1 and B2 and the effective angle 86 of areas C1 and 
C2 in the collision area 43 are made Wider (FIGS. 8 and 9). 
The collision area 43 thereby determined is positioned on 
the ground aWay from and ahead of the ball for a predeter 
mined distance. The distance betWeen the collision area 43 
and the ball corresponds to a distance in Which ball 42 
moves during a period of time corresponding to tWelve 
interrupts. The collision area 43 is not actually displayed on 
the screen. 
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The virtual area producing means 31 matches the ?elder’s 
ball-catching posture With area A, B1, B2, C1 or C2 of the 
collision area 43 (at step S2). For example, as shown in FIG. 
10, areaAis matched With the ball-catching posture in Which 
the ?elder catches the ball at his front. Areas B1, B2, C1 and 
C2 are respectively matched With an appropriate ball 
catching posture in Which the ?elder catches the ball on his 
side. 

The determining means 32 selects one ?elder (positioned 
near the ball) out of all ?elders, Who has a possibility to 
catch the ball, and calculates distance D betWeen the ?elder 
and the center position of the collision area 43 (at step S3). 
In FIG. 1, for example, if ?elder J is selected, distance D 
betWeen ?elder J and the center position of the collision area 
43 is calculated. If distance D is longer than a maXimum 
radius of the collision area 43, that is, if ?elder J is 
positioned outside the collision area 43 (YES at S4), the 
determining means 32 eXecutes a processing of S10. 

At step S10, the determining means 32 determines 
Whether or not a ?elder, other than ?elder J, eXists Who has 
a possibility to catch the ball. If ?elder K eXists, other than 
?elder J, Who has a possibility to catch the ball, the pro 
cessing object is then turned to ?elder K (at step S9). Then 
the aforementioned processing of S3 and S4 is eXecuted With 
regard to ?elder K. If it is determined as a result of the above 
processing that distance D betWeen ?elder K and the center 
position of the collision area 43 is longer than the maXimum 
siZe of the collision area 43, processing S10 is eXecuted. At 
step S10, if the determining means 32 determines that no 
?elder eXists, other than ?elders J and K, Who has a 
possibility to catch the ball (YES at S10), the processing of 
this ?oW-chart terminates and returns to a main ?oW-chart 
Which is not shoWn in this ?gure. 

Subsequently, an interrupt generates every frame and the 
above-described ?oW-chart of FIG. 10 is repeatedly 
eXecuted. As a predetermined period of time passes after the 
ball is hit, the ball moves and the speed and height, etc. of 
the ball change. The ball position determining means 34 
determines the moving direction, angle and speed of the ball 
(at step S1), and the virtual area producing means 31 neWly 
decides the shape (siZe and effective angles) of the collision 
area 43 according to the speed of the ball. For eXample, 
When the speed of the ball sloWs doWn, the effective angles 
Ob and G)C of the collision area 43 are made narroWer. 
Assuming that the game player operates PAD 2b to cause 

?elder J to enter the collision area 43, the determination 
result of step S4 Will become “NO” and the processing at S5 
and the folloWing steps Will be executed. The determining 
means 32 determines Whether or not distance D is shorter 
than radius Ar of area A, that is, Whether or not ?elder J is 
in the area A (at step S5). If the determination result is 
“NO,”the determining means 32 determines Whether or not 
distance D is shorter than radius Br of area B1 or B2 (at step 
S6). If the determination result is “NO,” it determines 
Whether or not distance D is shorter than radius Br of area 
C1 or C2 (at step S7). Namely, the determining means 32 
determines in Which area of the collision area 43 ?elder J is 
positioned at steps S5 through S7. 

For eXample, if the determining means 32 determines that 
?elder J is in area B1 (YES at S6), a subroutine of S8 is 
eXecuted. 

FIG. 12 shoWs the subroutine of S8. At step S81, the 
picture changing means 33 calculates an angle formed by the 
center point of the collision area 43 and the ?elder J. The 
picture changing means 33 determines Whether or not a 
ball-catching posture corresponding to the calculated angle 
is de?ned (at step S82). If the ball-catching posture is not 
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de?ned (NO at step S82), the processing proceeds to the neXt 
?elder (at step S86) and then returns to the main ?oW-chart 
shoWn in FIG. 11. For eXample, if ?elder J enters the left side 
(area B1) of the collision area 43, the ball-catching posture 
115 shoWn in FIG. 10 is de?ned (YES at step S82) and, 
therefore, the processing at step S83 and the folloWing steps 
are eXecuted. 

The picture changing means 33 decides an accurate 
ball-catching posture on the basis of information given by 
PAD (or stick) 2b, the facing direction of the ?elder, the 
height of the ball and other factors (at step S83). If such 
determined ball-catching posture does not eXist (NO at step 
S84), the processing proceeds to the neXt ?elder, for 
eXample, ?elder K (at step S86) and then returns to the main 
?oW-chart shoWn in FIG. 11. On the other hand, if the 
ball-catching posture determined at step S83 eXists (YES at 
step S84), the posture of ?elder J on the screen is changed 
to the determined ball-catching posture (at step S85) and the 
processing then returns to the main ?oW-chart shoWn in FIG. 
11 and terminates. After the ?elder to catch the ball is 
determined in the above-described manner, the subroutine 
shoWn in FIG. 12 is not eXecuted and a posture changing 
processing not shoWn in the draWings is eXecuted at every 
interrupt. This posture changing processing gradually 
changes the posture of ?elder J every frame. When tWelve 
interrupts have passed after ?elder J begins the ball-catching 
movement, the ball is caught by the glove of ?elder J. 

According to this embodiment, it is possible to make a 
?elder perform movements of tWelve interrupts (tWelve 
frames) after the ?elder enters the collision area 43, thereby 
making it possible to reproduce a realistic ball-catching 
movement. Moreover, it is possible to reproduce a fully 
realistic ball-catching movement by changing the ball 
catching movement according to the position of the ?elder 
in the collision area 43. 

Second Embodiment 

A video game machine of a second embodiment has a 
function concerning the display of a player’s number in 
addition to the functions of the video game machine of the 
?rst embodiment. This function is hereinafter eXplained by 
referring to FIGS. 13 and 14. 

FIG. 14 describes a data structure of polygons represent 
ing the upper half of a player’s body. In this ?gure, a uniform 
is composed of four polygon groups 14A, 14B, 14C and 
14D. Each polygon group is composed of a polygon repre 
senting a part of the uniform and a polygon representing a 
part of the player’s number. Namely, polygon 14A consists 
of polygon 1401 representing a quarter part of the uniform 
and polygon 1411 representing a quarter part of the player’s 
number. Similarly, the polygon group 14B consists of poly 
gons 1402 and 1412, the polygon group 14C consists of 
polygons 1403 and 1413, and the polygon group 14D 
consists of polygons 1404 and 1414. 
The description order (priority order) of a polygon is set 

for each of the polygon groups 14A, 14B, 14C and 14D. For 
eXample, for the polygon group 14A, the description order 
is decided in the order of the uniform polygon 1401 and then 
the player’s number polygon 1411. Also, a polygon having 
the highest description order in the respective polygon 
groups 14A, 14B, 14C and 14D is selected as the polygon 
representing each polygon group. Namely, the polygons 
1401, 1402, 1403 and 1404 representing the uniform are 
respectively selected as the polygons representing the 
respective polygon groups 14A, 14B, 14C and 14D. 
The display order of the polygon data having the above 

described construction is hereinafter eXplained by referring 








